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Development of the Seastar, Astropecten gisselhrechti
Doderlein'
MIl3KO KOMATSU2 and SATOSHI NOJIMA3
ABSTRACT: The entire process of development from eggs to juveniles in the
seastar Astropecten gisselbrechti was observed, with special attention to the
external morphology and formation of the skeletal system. The breeding season
of this seastar along the coast of Tsuyazaki (33°47' N, 130°28' E), Fukuoka
Prefecture, Japan, is in June. The eggs are 353 /lm average diameter, semitranslu-
cent , and pale brown in color. Development proceeded as follows at 25°C:
Embryos develop through a wrinkled blastula stage that lasts about 5 hr (from
5 hr after insemination) by total and equal cleavage. Gastrulae bearing an
expanded distal portion of the archenteron hatch from the fertilization mem-
brane 15hr after insemination. Gastrulae develop into barrel-shaped larvae 11
days after insemination. The larva is free-swimming, and is neither bipinnaria
nor brachiolaria because it lacks an open larval mouth, arms , and ciliary bands.
Rudiments of the adult skeletal plates appear at this time. Metamorphosis is
completed 4 days after insemination, mostly by ab sorption of the stalk, a larval
organ, or rarely by rupture of the stalk. The newly metamorphosed juvenile is
650 /lm in diameter and bears two pairs of tube-feet on each arm . This is the third
reported observation of a barrel-shaped larva in asteroids.
DEVELOPMENT OF SEASTARS belonging to the sing through a brachiolaria stage , the de-
genus Astropecten has so far been described in velopment of Astropecten is fundamentally
six species. Among these, the entire process of nonbrachiolarian. On the other hand, the lar-
development from eggs to juveniles has been vae of A .latespinosus are barrel-shaped. Cten-
observed in only three species: A. aranciacus opleurafisheri, which also belongs to Astro-
(Horstadius 1939), A. latespinosus (Komatsu pectinidae, is the only other species reported
1975a), and A. scoparius (Oguro, Komatsu, to have a barrel-shaped larva (Komatsu
and Kano 1976). Although larvae of the re- 1982). Eggs of A. latespinosus and C. fish eri
maining species, A . irregularis, A . polyacan- are 300 and 460 /lm in diameter, respectively .
thus, and A . velitaris, have been reported, de- The largest egg among the other five Astro-
scriptions of their development are fragmen- pecten species, whose larvae are bipinnariae, is
tary (Mortensen 1921, 1937; Newth 1925; ' observed in A . scoparius and measures 230
Oguro, Komatsu, and Kano 1975).The lar vae /lm . The authors are of the opinion that the
of all these Astropecten species, except A. occurrence of the barrel-shaped larvae is inti-
latespinosus, are bipinnariae. Since their bipin- . mately associated with the size of the ova in
nariae begin to metamorphose without pas- the Astropectinidae, whose development is
generally of the nonbrachiolarian type. The
mature ova of A . gisselbrechti are larger than
those of the other members of Astropecten
whose development has been reported. It is
therefore of interest to observe the develop-
ment of this species.
The present paper describes the develop-
ment of Astropecten gisselbrechti through
metamorphosis, with special attention to the
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external morphology and formation of the
skeletal system. One notable finding of the
present study is that, as predicted because of
the fairly large egg size, this seastar is the third
species among the Astropectinidae found to
have a barrel-shaped larva, as in A. latespi-
nosus and C. fisheri.
MATERIALS AND METHODS
Adults of Astropecten gisselbrechti Doder-
1ein were collected along the coast of Tsuya-
zaki (33°47' N, 130°28' E), Fukuoka Prefec-
ture, Japan, on 18-19 June 1981. A number
of fertilized eggs were obtained as a result of
natural spawning that occurred while adult
specimens were being transported in an ice
chest with seawater.
In addition to the natural fertilization, suc-
cessful artificial fertilization was realized as
follows: Fertilizable ova were obtained by
treating excised ovaries with l-methyladenine
according to Kanatani (1969). A dilute sperm
suspension was added to the. vessels contain-
ing mature ova to effect insemination. Em-
bryos and juveniles were reared in glass vessels
at about 25°C. Observations were made with a
dissecting microscope and a light microscope.
Measurements of living embryos were per-
formed with an ocular micrometer. For mi-
croscopic examination of the skeletal system ,
larvae and juveniles were fixed in 70% alcohol,
then macerated in a 10% aqueous solution of
potassium hydroxide.
RESULTS
Astropecten gisselbrechti is dioecious. The
gonads of both sexes are composed of tufted
tubules and are restricted to the base of each
arm. Each gonad is furnished with a gonoduct
that opens on the aboral side of the arm base .
Ovaries are pale brown and testes are milky
white. The breeding season of A. gisselbrechti
along the coast of'.Fukuoka Prefecture was
estimated to be June because of the occur-
rence of spawning and the success of artificial
fertilization.
Mature ova were spherical, pale brown in
color, and semitranslucent; the mean diame-
ter was 353 ± 4.6/lm (mean ± SE, n = 17).
Ova were enclosed in a jelly layer about 15 /lm
thick and were heavier than seawater, so they
settled to the bottom of the culture vessel. The
fertilization membrane was apparent about 5
min after insemination. The height of the peri-
vitelline space was about 50/lm 30 min later
(Figure IA). The first and second polar bodies
were visible in the perivitelline space. First
cleavage occurred on a plane through the
animal and vegetal poles 60 min after insemi-
nation, and subsequent cleavages took place at
intervals of about 20 min. Cleavage was total
and equal (Figure IB). The embryos were in
the 4-cell stage 1.5 hr after insemination and in
the 32-cell stage 1.0 hr later. They developed
into coeloblastulae 4.0 hr after insemination.
The wrinkled blastula stage began with the
appearance of egression tracts on the surface
5.0 hr after insemination (Figure IC). Sub-
sequently, the egression tracts gradually in-
creased in number and size. Wrinkling of the
blastula reached its most prominent stage
7.0 hr after insemination (Figure ID). There-
after, the egression tracts decreased in number
and complexity. The wrinkled stage lasted
about 5 hr. Gastrulation took place at the
vegetal pole 9.5 hr after insemination, before
the complete disappearance of the egression
tracts. Twelve hours after insemination, early
gastrulae were nearly spherical and were
450/lm in diameter (Figure IE). A con-
spicuous rounded blastopore about 150 /lm in
diameter was noticed in the vegetal polar area.
At this time, the gastrulae were slowly rotat-
ing within the fertilization membrane.
Hatching took place and the gastrulae
became free-swimming larvae 15hr after in-
semination. They were oval in shape, 525/lm
in length, and 500/lm in width. The blasto-
pore, now about 100 /lm in diameter, was no-
ticed at the center of the broadened posterior
portion of each larva. The archenteron, ex-
tending half the length of the larva, consisted
oftwo distinguishable parts, an expanded distal
portion and a basal portion, the stem. At this
stage mesenchyme cells were released from the
tip of the expanded portion of the archen-
teron. Twenty hours after insemination, coe-
lomic pouches appeared as lateral bulges on
FIGURE I. Development of As lropecten gisselbrechti: A, fertilized egg; B, two-cell and four-cell stages; C, early
wrinkled blastu la, arrow points to egression tract; D, blastula in its most wrinkled stage; E, ear ly gast rula, 12 hr after
insemination; F, gast rula with coelomic pouches (arrows) in the archenteron, 24 hr after insemination; G, two barrel-
shaped larvae oriented opposi te to each other, one (right) shows the future aboral side of the larval disk and the other
the futu re aboral side, 1.5 days after inseminat ion ; H , larval disk showing rudimentary skeleta l plates, same stage as
shown in Figure IG; I , magnified view of one terminal plate of the specimen shown in Figure IH ; J, larva, 2 days after
inseminatio n; K, central plate (short arrow) and madreporic plate (long arrow), same stage as shown in Figure 1J; L,
part of the skeleta l plates of a larva , 2.5 days after insemination, view of future aboral side of the disk (short and long
arrows indicate terminal plate and mad reporic plate, respectively). ae, archenteron ; d, disk; mp, madreporic plate; st,
stalk; tp , terminal plate. Scale = 100 /l m in A- F, H , J; scale = 200 /lm in G; scale = 5 /l m in I ; scale = 50 /l m in K , L.
Development of Astropecten-KoMATSU AND NOJIMA 277
either side of the expanded distal portion of
the archenteron. Four hours later, the pos-
terior end of each coelomic pouch had almost
reached the inner part of the posterior body
wall of the larva (Figure IF). By this stage,
the larvae had grown to 800 flm in length and
most of them swam near the bottom of the
culture vessels. Subsequently, organogenesis
commenced in the posterior portion of the
larvae, but this could not be observed in detail
because of the opacity of this portion.
Figure IG shows two larvae 1.5 days after
insemination. As is obvious from the figure,
each larva is ellipsoid and is furnished with
neither arms nor suckers; they were 875 flm in
length and 370 flm in width . No definite ciliary
bands were observed nor was there an opening
of the larval mouth. The blastopore was no
longer visible at this stage . The larva of this
species is thus very similar in appearance to
the barrel-shaped larvae ofAstropecten late-
spinosus and Ctenopleura fisheri. At this stage,
formation of the adult skeletal plates began as
fine spicules in the embryo's posterior portion,
which forms the main part of the adult disk
after metamorphosis (Figure IH). These spi-
cules correspond to the rudiments of the ma-
dreporic plate and the terminal plate . They
were hexagonal with a knob in their center
and were approximately 10flm in diameter
(Figure II) . Two days after insemination, the
posterior portion of the larva was thicker than
the anterior portion and it was distinct from
the anterior portion (Figure 11). The former
may be called a larval disk since it forms a
main part of the adult disk after metamor-
phosis as mentioned above. The anterior por-
tion of the larva corresponds to the stalk, a
larval organ . At this time, five hydrolobes
were recognized within the future oral side of
the larval disk. Near the center of the future
aboral side of the larval disk , a pentaradiate
primary central plate about 20 flm in diameter
was noticed (Figure IK). The rudimentary
madreporic plate, which was hexaradiate
and about 50 flm in diameter, was situated
between a pair of the terminal plates in an
interradius. Thereafter, development of the
skeletal system further proceeded in the larval
disk . Two and a half days after insemination,
the madreporic plate and the terminal plates
became larger and more branched (Figure
IL). The terminal plate was furnished with
several spines, the longest ofwhich was 35 flm
in length .
Metamorphosis climaxed about 2.5 days
after insemination. It was interesting that the
stalk of the larva disappeared in two different
ways. In most larvae, the stalk began to grow
smaller while the larvae were swimming near
the bottom of the culture vessels (Figure 2A),
and soon thereafter, the regressing stalk
shrank rapidly (Figure 2B). It was finally ab-
sorbed into the larval disk within halfa day
after the beginning of its reduction. In a few
larvae ,the stalk began to rupture (Figure 2K,
L). When the stalk partly ruptured in its ante-
rior portion, the remainder was completely
absorbed into the larval disk. On the other
hand, when almost all the stalk ruptured,
the remainder proceeded to collapse entirely
while the larvae were floating near the sur-
face of the water (Figure 2M). Regardless of
whether the stalk disappeared by absorption
or rupture, the larvae were 500 flm in diameter
3 days after insemination (Figure 2C). They
sank to the bottom and produced one pair of
tube-foot buds on the future oral side of each
arm . The skeletal system was well formed at
this stage (Figure 2D). Each of the terminal
plates bore more than 12 spines, of which the
longest was 100flm in length . On the future
oral side, five pairs of oral plates were rec-
ognized. Several dorsal plates, which could
not be identified as radial plates or interradial
plates, were formed around the central plate .
Four days after insemination, the mouth
opened, signaling the completion ofmetamor-
phosis (Figure 2£). Juveniles were about
650 flm in diameter just after the completion
ofmetamorphosis. They were white except for
the disk, in which the digestive organ was
visible as a yellowish structure. Two pairs of
tube-feet and one terminal tentacle were pre-
sent on each arm . Figures 2Fand 2G show the
skeletal system of the juvenile in this stage.
The madreporic plate, measuring about 70 flm
in diameter, was situated in an interradius of
the aboral side of the disk . Dorsal plates , in-
cluding the central plate, had a spine in the
center. On the oral side, five pairs of am-
bulacral plates, in addition to the oral plates,
FIGURE 2. Development of Astropecten gisse/brechti: A, larva with shrunken stalk, 2.5 days after insemination; B,
larva with a more reduced stalk; C, larva without the stalk, 3 days after insemination; D, skeletal plates, same stage as
shown in Figure 2C, future aboral view; E, juvenile just after the completion of metamorphosis, aboral view; F, aboral
skeletal plates of a juvenile, same stage as shown in Figure 2E (arrow indicates madreporic plate); G, opposite side of
the specimen shown in Figure 2F; H, juvenile, 5 days after insemination, aboral view; I, skeletal system of a juvenile,
10 days after insemination, oral view; J, part of the aboral skeletal system of the speciman shown in Figure 2/; K, larva
that has lost the anterior portion of its stalk by rupture; L, larva with ruptured stalk; M, larva with remainder of its
.collapsed stalk (arrows). c, central plate; d, disk; mp, madreporic plate; op, oral plate; st, stalk; tp, terminal plate.
Scale = 100 J.lm in A-E, G-M; scale = 10 J.lm in F.
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were clearly recognized. Five days after in-
semination, juveni les, which had four long
spines about 100 /lm in length at the top of
each of five arms, moved around on the bot-
tom using tube -feet (Figure 2H). At this stage,
an eyespot of br illiant red appeared on th e
base of the oral side of each terminal tentacle.
Five days later, the juveniles grew to about
800/lm in diameter. Each arm bore one pair of
ad ambulacral plates, each of which was fur-
nished with one spine on the oral side (Figure
2/). The aboral side was covered with many
porous dorsal plates (Figure 2J).
DISCUSSIO N
Although the larval forms of the asteroids
have been established as bipinnaria and bra-
chiolaria, a barrel-shaped larva was reported
in A stropeeten latespinosus (Komatsu 1975a).
This peculiar type of larva ha s since been re-
ported onl y in Ctenopleurafisheri , which also
belongs to the fami ly Astropectinidae (Ko-
matsu 1982). In the present study, it was found
that A. gisselbreehti develops through a barrel-
shaped larva similar to that reported in A.
latesp inosus and C. fisheri . This is thus the
third reported observation of this type of
larvae.
It is of interest that all the barrel-shaped
larvae so far described occur in species be-
longing . to the family Astropectinidae. All
Astropeeten species whose development ha s
been described so far, except for A . lat espi-
nosus and the present species A . gisselbreehti,
develop through on ly bipinnari a; therefore,
the ir development is of the nonbrachiolarian
type (Oguro, Komatsu, and Kano 1976). The
bipinnaria of the nonbrachiolarian type dif-
fers from that in the indirect type of de-
velopment which passes through both the
bipinnaria and the most advanced larval
stage, a brachiolaria , since it undergoes meta-
morphosis without passing through the bra-
chiolaria. Dur ing metamorphosis, the bra-
chiolariae in either direct or indirect type of
development generally attach to the sub -
stratum by their arms and fixing disk (Barker
1977, Gemmill 1914, Greer 1962, Yamaguchi
1973). On the other hand, the bip innariae of
the Astropeeten species imtiate metamor-
phos is while they are pelagic. In itiation of
metamorphosis in the pelagic state was also
observed in the barrel-shaped larvae at meta-
morphosis . In fact, the barrel-shaped larva
lacks both arms and fixing disk.
It has been pointed out that early formation
of the madreporic plate is associated with
the nonbrachiolarian typ e of development
(Oguro, Komatsu, and Kano 1976), which is
so far limited to the species ofonly two genera,
Astropeeten and Luidia (Komatsu, Oguro,
and Kano 1982, Oguro, Komatsu, and Kano
1976). In the seas tars belonging to these two
genera, the madreporic plate appears at the
same time that rudimentary adult skeletal
plates form during metamorphosis and is dis-
tinguishable from the other dorsal plates (H6r-
stadius 1939; Komatsu, Oguro, and Kano
1982; Mortensen 1938; Oguro, Komatsu, and
Kano 1976). On the other hand, newly meta-
morphosed juveniles belonging to genera
other than Astropeeten and Luidia bear no
madreporic plate, and the rudiment of the
madreporic plate appears long after the com-
pletion of metamorphosis (Fewkes 1888,
Komatsu 1975b , Komatsu et al. 1979, Mac-
Bride 1896). In Leptasterias oeho tensis simili-
spinis, for instance, the madreporite becomes
recognizable in specimens with 20 pairs of
tube-feet in each arm (Kano, Komatsu, and
Oguro 1974). In A . gisselbreehti, the madrepo-
ric plate, as well as the rudiments of some
other dorsal plate s, was formed during meta-
morphosis. Likewise, early formation of the
ma dreporic plate was ob served in A . lat espi-
nosus and Ctenop leura fisheri . This is a char-
acteristic of the no nbrachiolarian type of
development also observed in the species
havi ng a barrel-shaped larva. These fact s all
suggest that development with a barrel-shaped
larva is a modification of the nonbrachio-
larian type of development.
Among asteroids of different species , the
size of the eggs ranges from 100 /lm diameter
in A eanthaster planei (Henderson 1969) to
1.0-1.2 mm diameter in M ediaster aequalis
(Birkeland, Chia, and Strathmann 1971),
alt ho ugh excep tio na lly large eggs (more than
2.5 mm diameter) were reported in some
species (Hayashi 1972). The egg diameters in
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Astropecten latespinosus, A . gisselbrechti, and
Ctenopleura fisheri, whose larvae are barrel-
shaped, are 300, 353, and 465 !lm, respec-
tively. Thus, the eggs that develop into barrel-
shaped larvae seem to be of medium size
among those of asteroids. Small seastar eggs
that develop into brachiolariae through bipin-
nariae (indirect development) are generally
translucent, while large ones that develop
directly into brachiolariae (direct develop-
ment) are opaque and colored. Eggs of A.
latespinosus, C. fisheri, and A . gisselbrechti
that develop into barrel-shaped larvae are all
semitranslucent. The largest egg among the
Astropecten species passing through a bipin-
naria stage (nonbrachiolarian type of develop-
ment) is that of A . scoparius; it measures
230 !lm in diameter and is translucent (Oguro,
Komatsu, and Kano 1976). Eggs forming
barrel-shaped larvae are thus larger than
those forming bipinnaria.
In seastars belonging to the genus Astro-
pecten, species with a barrel-shaped larva
complete metamorphosis in a shorter time
than those passing through a bipinnaria. For
example, A. gisselbrechti and A . latespinosus,
whose larvae are barrel-shaped, complete
metamorphosis within 4 and 5 days after in-
semination at 25°C, respectively . It takes 15
days to complete metamorphosis in Cteno-
pleura fi sheri (at 17°C). On the other hand, it
takes about 80 days to complete metamor-
phosis in A . aranciacus at 15°C (Horstadius
1939) and 18 days in A. scoparius at 25°C
(Oguro, Komatsu, and Kano 1976). Larvae of
these latter two species are bipinnariae. The
barrel-shaped larvae depend totally on stored
yolk for their nutrition because the mouth
is not open . It is known that the majority
of species undergoing direct development,
whose larvae are brachiolariae also without a
larval mouth, have an extremely long larval
life before the completion of metamorphosis.
It takes 36, 38, 38-42, and 49 days to complete
metamorphosis in Certonardoa semiregularis
(Hayashi and Komatsu 1971), Mediaster
aequalis (Birkeland, Chia, and Strathmann
1971), Crossaster papposus (Gemmill 1920),
and Leptasterias hexactis (Chia 1968), respec-
tively. Eggs of these species are large, approx.
1.0 mm in diameter, and opaque. Although
the composition of the material stored in their
PACIFIC SCIENCE, Volume 39, July 1985
eggs has not been determined, it seems likely
that relatively large and opaque eggs contain
more yolk than the smaller and translucent
eggs that give rise to feeding bipinnaria larvae.
As mentioned above, the eggs that develop
into barrel-shaped larvae are medium-sized
and semitranslucent. Therefore, it is very prob-
able that the storage content of the eggs is
less than that oflarge and opaque eggs. Thus,
the barrel-shaped larva is nonfeeding but does
not have enough yolk to complete metamor-
phosis after passing through a long larval life.
If this is the case, then it is quite predictable
that the barrel-shaped larvae complete meta-
morphosis within a short term.
Mortensen (1972) noted that in Luidia, the
stalk, a larval organ, is thrown off during
metamorphosis. However, the larval organ of
the bipinnaria of L. quinaria is not thrown off,
but is absorbed into the future body of the
juvenile through metamorphosis (Komatsu,
Oguro, and Kano 1982).It has been suggested
that the separation of the larval organ is one
of the characters of the large-size larvae of
asteroids. This idea is also realized in the
barrel-shaped larvae of Astropecten latespi-
nosus and Ctenopleura fisheri (Komatsu
1982). The larva of C. fish eri is 1500!lm in
length, and this is about twice the length of the
A . latespinosus larva (700 !lm) . The larval
organ of C. fi sheri disappears by one of two
different processes : absorption into the future
body of the juvenile or rupture and collapse
(Komatsu 1982). On the other hand, in A .
latespinosus , the only way the larval organ
disappears is by absorption (Komatsu 1975a).
It was observed that in the majority of the
barrel-shaped larvae of A . gisselbrechti the
stalk disappeared through absorption into the
future bodies of the juveniles during the meta-
morphic climax. In a few larvae, however, the
stalk ruptured. It is probable that the larvae of
A . gisselbrechti , which are 900!lm in length
and larger than in A . latespinosus, exhibit not
only absorption but rupture of the stalk in
some cases as a normal process.
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